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THE  EFFECTS  OF  TACTICAL  VEHICLE  TKAININC 
ON  THE  LANDS  OF  FORT  CARSON,  COLORADO¬ 
AN  ECOLOGICAL  ASSESSMENT 


1  INTRODUCTION 


Background. 

Meeting  defense  needs  is  a  primary  nationaL  concern.  To  this  end,  one  of 
the  most  important  and  necessary  ingredients  for  the  proper  training  of  a 
standing  army  is  the  availability  of  enough  land  to  conduct  training  exer¬ 
cises.  Since  land  is  a  limited  resource  which  is  impacted  by  Army  training, 
land  managers  and  administrators  must  have  scientifically  sound  information  on 
the  quality  of  Army  lands.  These  data  will  serve  as  the  basis  for  evaluating 
various  impacts  caused  by  training  activities.  In  addition,  the  law  requires 
that  "...consideration  of  environmental  factors  must  be  integrated  into 
existing  Army  procedures..."^  This  report  is  one  of  several  which  document 
research  conducted  at  various  Army  installations  to  establish  cause  and  effect 
relationships  between  Army  activities  and  their  impacts  on  ecosystems. 

Studies  are  being  conducted  which  document  the  effect  of  tracked  vehicle 
activity  for  the  lands  and  biota  of  installations  representing  four  types  of 
ecoregions:  arid,  semi-arid,  temperate,  and  humid.  The  information  obtained 

from  this  study  at  Fort  Carson,  CO,  will  help  land-use  planners  make  informed 
decisions  regarding  land  rehabilitation,  maintenance,  and  long-term  management 
of  lands  used  for  training. 


Objective 

The  objective  of  this  report  is  to  quantify  the  effects  of  Army  training 
activities  on  the  physical  and  biological  properties  of  lands  at  Fort  Carson. 


*R.  K.  Jain,  L.  V.  Urban,  and  G.  S.  Stacey,  Handbook  for  Environmental 
Impact  Analysis,  Technical  Report  E-59/ADA006241  (U.S.  Army  Construction 
Engineering  Research  Laboratory  (USA-CERL),  1974),  p  13. 

^W.  D.  Severinghaus ,  R.  E.  Riggins,  and  W.  D.  Coran,  Effects  of  Tracked 
Vehicle  Activity  on  Terrestrial  Mammals,  Birds,  and  Vegetation  at  Fort 
Knox,  KY,  Special  Report  N-77/ADA073782  (USA-CERL,  1979),  pp  1-64;  W.  D. 
Severinghaus  and  W.  D.  Coran,  Effects  of  Tactical  Vehicle  Activity  on  the 
Mammals,  Birds,  and  Vegetation  at  Fort  Hood,  TX,  Technical  Report  N— 113/ 
ADA109646  (USA-CERL,  1981 ) ,  pp  1-22;  W.  D.  Severinghaus  and  W.  D.  Goran, 
Effects  of  Tactical  Vehicle  Activity  on  the  Mammals,  Birds,  and  Vegetation  at 
Fort  Lewis,  Washington,  Technical  Report  N-116/ADA111201  (USA-CERL,  1981), 
pp  1-45;  V.  E.  Diersing  and  W.  D.  Severinghaus,  Ecological  Baseline — Pinon 
Canyon  Maneuver  Site,  Colorado,  Technical  Report  N-85/02  (USA-CERL,  1984) . 
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Extensive  field  surveys  were  conducted  on  Fort  Carson  and  the  data  ana¬ 
lyzed  to  determine  the  effects  of  tracked  vehicle  training  on  mammals,  birds, 
vegetation,  and  soils. 


It.  is  recommended  that  the  information  obtained  in  this  study  be  used  to 
develop  predictive  algorithms  and  an  information  base  and  then  be  incorporated 
into  a  computerized  system  for  planning  and  maintenance  of  Army  lands.  Infor¬ 
mation  on  using  this  system  will  eventually  be  transmitted  to  the  field  by  a 
Technical  Manual. 
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2  CENERAL  SITE  DESCRIPTION 


Fort  Carson  is  located  along  the  interface  of  the  Great  Plains  and  Rocky 
Mountains  in  central  Colorado.  The  installation  is  largely  limited  to  El  Paso 
County  with  its  southern  and  southwestern  limits  extending  slightly  into 
Pueblo  and  Fremont  Counties,  respectively.  Fort  Carson  encompasses  about 
55,785  ha;  its  north-south  length  is  nearly  39  km,  and  its  greatest  width  is 
about  24  km.  The  eas  rn  side  of  the  installation  is  characterized  by  gently 
to  moderately  sloping  grasslands  with  relatively  low  relief.  The  western  por¬ 
tion  of  the  installation  has  wooded  foothills,  steep  and  rocky  slopes,  and 
higher  elevations.  The  highest  elevation  on  the  post  is  2121  m  (6960  ft)  on  a 
ridge  near  State  Highway  115;  its  lowest  elevation  is  1560  m  (5120  ft)  in  the 
Beaver  Creek  Valley  in  the  post’s  southeastern  corner. 

Intermittent  streams  on  Fort  Carson  generally  flow  from  northwest  to 
southeast.  Turkey  Creek  flows  through  the  center  of  the  installation  and 
enters  the  Arkansas  River  south  of  the  post.  Rock  Creek  and  Little  Fountain 
Creek  flow  through  the  northern  part  of  Fort  Carson  and  enter  the  south¬ 
flowing  Fountain  Creek  just  east  of  the  installation. 

Fort  Carson  has  cool  summers  and  cold  winters.  The  average  annual  tem¬ 
perature  is  about  73°F  with  an  average  annual  humidity  of  54  percent. 
Prevailing  winds  are  from  the  north.  Mean  annual  precipitation  is  about 
380  mm,  with  slightly  higher  averages  to  the  west  and  north  and  slightly  lower 
averages  to  the  south  and  east.  Slightly  more  than  80  percent  of  the  total 
annual  precipitation  is  received  from  April  through  September. 

Four  sites  were  chosen  for  quantitative  sampling:  two  within  the  short- 
grass  prairie  and  two  within  the  pinyon-juniper  woodland.  These  sites  were 
pictced  based  on  the  following  criteria:  (1)  the  two  sites  within  each  habitat 
type  were  to  be  similar  in  soils,  topography,  and  plant  species  composition; 

(2)  one  of  the  sites  was  to  be  heavily  used  for  tracked  vehicle  training;  and 

(3)  the  other  site  was  to  be  relatively  undisturbed.  These  sites  represent 
the  major  habitats  where  training  was  conducted. 

Within  the  pinyon-juniper  woodland  habitat,  the  relatively  undisturbed 
site,  referred  to  as  the  pinyon-juniper  control  site  or  PJC  (Figure  1),  was 
located  immediately  west  of  Road  11  and  about  4  km  north  of  Camp  Red  Devil. 

One  hundred  and  ninety  (19  percent)  of  one  thousand  1-m  steps  (based  on  10-  to 
100-m  randomly  placed  transects)  intercepted  tracked  vehicle  tracks.  The 
pinyon-juniper  test  site  (PJT)  was  located  about  1  km  north  of  the  PJC  site 
immediately  west  of  Road  11.  Three  hundred  and  fifty-two  (35  percent)  of  one 
thousand  1-m  steps  intercepted  tracked  vehicle  tracks. 

In  the  shortgrass  prairie  habitat,  the  relatively  undisturbed  site  (the 
prairie  control  or  PC  site)  was  located  1  km  east  of  Camp  Red  Devil  in  Sulli¬ 
van  Park  about  600  m  east  of  the  landing  strip.  One  hundred  and  fifty-two  (8 
percent)  of  two  thousand  1-m  steps  intercepted  tracked  vehicle  tracks.  The 
prairie  test  (PT)  site  was  located  along  each  side  of  Road  8.  Six  hundred  and 
forty-eight  (32  percent)  of  two  thousand  1-m  steps  intercepted  tracked  vehicle 
tracks . 


PC  =  shortgrass  prairie  control  site 
PT  =  shortgross  prairie  test  site 


Figure  1.  Fort  Carson,  CO,  and  surrounding  area 


3  METHODS  FOR  OBTAINING  DATA 


Soils 


The  baseLine  characterization  of  two  soil  parameters  (bulk  density  and 
particle  size  distribution)  involved  the  use  of  two  different  field  methods: 
(1)  bulk  density  sampling  and  (2)  sampling  of  surface  horizons  for  particle 
size  distribution  (texture)  analysis.  All  sampling  was  done  on  May  21  and  22, 
1983. 

Particle  Size  Investigations 

Sampling  investigations  were  done  to  provide  data  for  comparing  particle 
size  distributions  within  and  between  prairie  and  pinyon- juniper  areas,  and  to 
characterize  the  baseline  conditions.  Samples  were  collected  from  the  surface 
horizon,  labeled,  and  placed  in  plastic  bags.  The  hydrometer  method  was  used 
to  determine  the  percent  by  weight  of  sand,  silt,  and  clay.  Nine  samples 
were  collected  from  each  pinyon- juniper  site,  and  eight  samples  were  collected 
from  the  prairie  sites. 

Bulk  Density  Investigations 

Bulk  density  samples  were  obtained  from  16  soil  pits  in  the  PT  and  PJC 
sites.  At  each  site,  eight  soil  profiles,  consisting  of  three  horizons  each, 
were  sampled  for  bulk  density  analyses.  Four  of  the  profiles  were  taken  in 
tracked  areas  and  four  in  untracked  areas.  The  soil  profiles  were  examined  to 
1000  mm  by  hand  augering.  Generic  soil  horizons  greater  than  101.6  mm  thick 
were  sampled  to  depths  of  600  mm,  using  a  ring  sampler  and  the  core  method.^ 
Samples  were  labeled  and  stored  in  airtight  plastic  containers.  Laboratory 
personnel  determined  the  wet  weight  and  the  oven-dry  weight  for  each  sample. 
From  these  data,  the  bulk  density  and  percent  moisture  for  each  sample  were 
calculated  using  the  following  formulas: 


Q  , .  „  • .  Oven-Dry  Weight  (g) 

Bulk  Density  =  - 1 a— = — — 


Volume  (cm  ) 


where  the  volume  of  the  ring  sampler  equals  288.98  cmJ 


„  . .  u  _  ,.,N  Wet  WeLght  -  Oven-Dry  Weight  „  .  nn 

Soil  Moisture  (Z)  =  - .  , — 1 - 5 —  X  100 

Dry  Weight 


The  mean  and  the  standard  deviation  of  the  bulk  densities  in  the  prairie  and 
pinyon- juniper  areas  were  calculated  for  comparison. 


^E.  J.  Felt,  "Physical  and  Mineralogical  Properties,  Including  Statistics  of 
Measurement  and  Sampling,"  Methods  of  Soil  Analysis,  Monograph  9  (Amer¬ 
ican  Society  of  Agronomy,  1965),  pp  400-412. 

^E.  J.  Felt,  pp  400-412. 


Vegetation 

Vegetation  transects  originated  from  the  bird  survey  transects  (see 
p  13).  Two  parallel  bird  transects  were  established  at  each  site;  the 
prairie  sites  were  separated  by  250  m,  and  the  pinyon- juniper  sites  were  sep¬ 
arated  by  150  m.  The  two  bird  transects  on  each  pinyon- juniper  site  were  400 
m  long  and  those  on  each  prairie  site  were  1000  m  long.  Each  vegetation  study 
transect  was  50  m  long  and  originated  from  a  designated  point  along  the  bird 
transects.  On  each  prairie  site,  the  vegetation  transects  originated  at  the 
points  delineating  0,  200,  400,  600,  800  (or  1000)  m  on  one  bird  transect,  and 
from  the  odd-numbered  points  on  the  other  bird  transect  (100,  300,  500,  700, 
and  900  m).  Thus,  10  vegetation  transects  were  established  at  each  site.  In 
the  pinyon- juniper  study  sites,  transects  were  staggered  similarly,  but  were 
spaced  closer  together.  On  all  four  sites,  each  vegetation  transect  was 
measured  from  the  bird  transects  along  randomly  generated  compass  bearings. 


In  each  of  the  four  study  areas,  intercepts  of  woody  vegetation  greater 
than  2  cm  in  diameter  or  1  m  in  height  were  tallied  by  species,  along  ten  2-  x 
50-m  transects.3  Species  importance  and  tree  and  shrub  density  and  frequency 
were  then  determined  from  this  information.  Herbaceous  vegetation  and  all 
plants  less  than  1  m  in  height  were  studied  for  plant  cover  in  1-m^  quadrats 
pLaced  systematically  along  the  50-m  study  transects  at  5-m  intervals.  Ten 
quadrats  were  studied  along  each  50-m  transect,  and  100  quadrats  were  sampled 
in  each  study  site.  Random  number  generation  was  used  to  determine  which  of 
the  ten  quadrats  in  each  transect  would  be  evaluated  for  biomass.  One  quadrat 
was  clipped  to  ground  level.  In  the  pinyon- juniper  study  sites,  live  and  dead 
biomass  were  separated;  in  the  prairie  study  sites,  only  graminoid  and  non- 
graminoid  plants  were  separated  from  the  sample  quadrat.  All  biomass  was 
clipped  to  a  height  of  2  m  above  the  quadrats  in  order  to  estimate  browse 
availability.  Some  nonbrowse  plants  (e.g.,  Pinus  edulis )  also  occurred  in  the 
study  quadrats  and  were  clipped  for  a  more  complete  estimate  of  the  above¬ 
ground  biomass.  Biomass  samples  were  air-dried  for  1  week  and  weighed  to  the 
nearest  gram  on  a  spring  scale. 


Plant  identifications  follow  Harrington.  Plant  species  lists  were  pre¬ 
pared  for  the  early  summer  study  period,  and  thus  include  spring  plants  and 
perennial  species  that  might  bloom  later  in  the  year,  especially  woody  peren¬ 
nials  that  bloom  in  fall.  Voucher  specimens  were  collected  and  maintained  in 
the  USA-CERL  Biological  Inventory  Collection. 


The  percent  cover  of  study  quadrats  by  bare  ground,  woody  litter,  and 
rock  was  measured  to  facilitate  remote  sensing  programs  for  monitoring  vegeta¬ 
tion  cover  dynamics  and  the  types  and  success  of  revegetation  and  reclamation. 


^D.  Mueller-Dombois ,  Aims  and  Methods  of  Vegetation  Ecology  (John  Wiley 
and  Sons,  1974),  pp  1-547. 

^H.  D.  Harrington,  Manual  of  the  Plants  of  Colorado  (The  Swallow  Press, 
1964),  pp  1-666. 
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Birds  were  surveyed  using  the  combined  transect  methods  of  Emlen,  Sever- 
inghaus,  and  Balph,  Stoddart,  and  Balph. ^  Two  paraLlel  transects  were  estab¬ 
lished  at  each  study  site.  On  the  prairie  sites,  these  transects  were  each 
1000  m  long  and  separated  from  each  other  by  250  m.  On  the  pinyon- juniper 
sites,  the  transects  were  each  400  m  long  and  separated  by  150  m.  Transects 
were  established  by  compass  bearing  and  identified  by  placing  .9-m-high  flags 
at  50-m  intervals  on  the  prairie  sites  or  10-m  intervals  on  the  pinyon- juniper 
woodlands  sites.  Transects  were  walked  slowly,  starting  at  sunrise,  for  10 
days.  As  each  transect  was  walked,  the  location  of  each  bird  detected  along 
each  side  of  the  transect  was  recorded.  The  absolute  density  (birds  per  unit 
area)  of  each  species  was  estimated  by  calculating  the  distance  from  the 
transect  to  the  area  where  the  detection  of  a  species  declines  signifi¬ 
cantly.  On  each  prairie  site,  the  observable  distance  along  each  side  of  a 
transect  was  50  m.  This  is  a  daily  observable  area  of  2000  m  by  100  m,  or  20 
ha.  On  each  pinyon- juniper  site,  the  observable  distance  along  each  side  of  a 
transect  was  25  m.  Therefore,  800  m  by  50  m,  or  4  ha  of  observable  area  was 
used. 


The  bird  fauna  occupying  the  four  study  sites  were  compared,  using 
measures  of  species  diversity,  density,  biomass,  and  guild  structure.  Signif¬ 
icant  differences  were  identified  by  using  Student's  t-test  of  the  means.  The 
weights  of  both  birds  and  mammals  were  calculated  using  information  given  by 
Amadon,  Armstrong,  Baldwin  and  Kendeigh,  Behle,  Esten,  Craber  and  Craber, 


Norris  and  Johnson,  and  Poole. 
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^J.  T.  Emlen,  "Population  Densities  of  Birds  Derived  from  Transect  Counts," 
Auk,  Vol  88  (1971),  pp  323-342;  J.  T.  Emlen,  "Estimating  Breeding  Bird 
Densities  from  Transect  Counts,"  Auk,  Vol  94  (1977),  pp  455-468;  W.  D. 
Severinghaus ,  Guidelines  for  Terrestrial  Ecosystem  Survey,  Technical 
Report  N-89/ADA086526  (USA-CERL,  1980);  M.  H.  Balph,  L.  C.  Stoddart,  and 
D.  F.  Balph,  "A  Simple  Technique  for  Analyzing  Bird  Transect  Counts,"  Auk, 

Vol  94  (1977),  pp  606-607. 

®D.  Amadon,  "Bird  Weights  and  Egg  Weights,"  Auk,  Vol  60  (1943),  pp  221-234; 

D.  M.  Armstrong,  Distribution  of  Mammals  in  Colorado,  Monograph  No.  3 
(Museum  of  Natural  History,  University  of  Kansas,  1972),  pp  1-415;  S.  R. 
Baldwin  and  S.  C.  Kendeigh,  "Variation  in  the  Weight  of  Birds,"  Auk,  Vol  55 
(1938),  pp  416-467;  W.  N.  Behle,  "Weights  of  Some  Western  Species  of  Horned 
Larks,"  Auk,  Vol  60  (1943),  pp  216-221;  S.  R.  Esten,  "Bird  Weights  of  52 
Species  of  Birds  (Taken  from  Notes  of  William  Van  Goider),"  Auk,  Vol  48 
(1931),  pp  572-574;  R.  R.  Craber  and  J.  W.  Graber,  "Weight  Characteristics  of 
Birds  Killed  in  Nocturnal  Migration,"  Wilson  Bulletin,  Vol  74,  No.  1  (1962), 
pp  74-88;  R.  A.  Norris  and  D.  W.  Johnson,  "Weights  and  Weight  Variations  in 
Summer  Birds  from  Georgia  and  South  Carolina,"  Wilson  Bulletin,  Vol  70,  No.  2 
(1958),  pp  114-129;  E.  L.  Poole,  "Weights  and  Wing  Areas  in  North  American 
Birds,"  Auk,  Vol  55  (1938),  pp  513-518. 


Mamina  1  s 


Small  mammals  were  surveyed  using  100  snap  Craps  per  night  (92  Museum 
Specials  and  eight  rat  traps)  at  each  site  over  a  10-day  period  (1000  trap- 
nights  per  site).  These  surveys  were  conducted  during  the  same  10-day  period 
as  the  bird  surveys.  At  each  site,  the  100  traps  were  set  parallel  or  along 
the  full  length  of  the  bird  transects.  On  the  prairie  sites,  the  traps  were 
placed  at  10-pace  (*  10-m)  intervals  and  on  the  pinyon- juniper  sites,  they 
were  placed  at  four-pace  (*  4-m)  intervals.  Each  trap  line  was  moved  every  2 
days  in  the  following  sequence:  days  1  and  2,  about  50  m  outside  one  of  the 
bird  transects;  days  3  and  4,  about  50  m  outside  the  other  bird  transect;  days 
5  and  6,  midway  between  the  two  bird  transects;  days  7  and  8,  along  one  bird 
transect;  and  days  9  and  10,  along  the  other  transect. 

Traps  were  set  and  baited  with  a  mixture  of  rolled  oats  and  peanut  butter 
each  evening,  and  captures  were  removed  each  morning  immediately  after  the 
morning  bird  counts.  All  mammals  collected  were  placed  in  a  plastic  bag 
labeled  with  the  date  and  place  collected,  frozen,  prepared  as  scientific 
study  specimens,  and  identified  according  to  species. 

Data  collected  included  species  diversity,  total  number  collected  per 
site,  and  actual  capture  numbers  for  each  species  by  site.  Chi-square  tests 
were  used  to  identify  significant  differences  in  the  number  of  individuals  of 
each  species  collected  among  the  sites.  The  total  biomass  (in  grams)  of  each 
guild  was  also  compared  among  sites. 


4  RESULTS 


Soils 

Partiale  Size  Distribution 

In  the  pinyon- juniper  study  sites,  the  A  horizon  was  sampled  in  18  dif¬ 
ferent  locations:  nine  times  in  the  PJC  site  and  nine  times  in  the  PJT 
site.  Generally,  the  textures  were  silty  loam  in  both  sites,  except  in  sev¬ 
eral  areas  where  they  were  silty  day  loam  or  loam.  On  the  average,  the  PJC 
site  contained  more  sand  (66  percent  versus  59  percent),  less  silt  (20  percent 
versus  25  percent),  and  less  clay  (14  percent  versus  16  percent)  than  the  PJT 
site.  However,  all  differences  were  not  significant.  Table  1  and  Figure  2 
present  the  particle  size  distribution  data  of  all  pinyon- juni per  sampling 
locations . 

On  the  prairie  study  sites,  the  A  horizon  was  sampled  in  eight  places  on 
each  site.  The  average  texture  on  the  PC  site  was  silty  loam  to  loam,  and  on 
the  PT  site,  the  average  texture  was  silty  loam.  On  the  average,  the  prairie 
test  site  contained  much  more  sand  (72  percent  versus  53  percent),  much  less 
silt  (17  percent  versus  32  percent),  and  less  clay  (11  percent  versus  15  per¬ 
cent)  than  the  PC  site.  Table  2  and  Figure  3  show  the  particle  size  distribu¬ 
tion  data  of  all  sampling  locations. 

Bulk  Density 

Bulk  density  analyses  were  conducted  only  at  the  PJC  site.  Of  all  eight 
soil  profiles  examined  (each  usually  consisting  of  three  horizons),  four  were 
from  tracked  areas  and  four  were  from  untracked  areas.  In  the  tracked  areas, 
11  samples  were  collected;  the  mean  bulk  density  was  1.46  g/cm*,  with  a 
standard  deviation  of  0.17.  In  untracked  areas,  where  12  samples  were  collec¬ 
ted,  the  mean  density  was  1.30  g/cm*,  with  a  standard  deviation  of  0.26. 


The  mean  bulk  density  of  the  A  horizon  in  tracked  and 
1.58  g/cnr  and  1.21  g/cm *,  respectively;  of  the  B  horizon, 
g/cm*,  respectively;  and  of  the  C  horizon,  1.44  g/cm  and 


untracked  areas  was 
1.39  g/cm'*  and  1.29 
1.38  g/cm  ,  respec¬ 


tively.  Table  3  and  Figure  4  show  the  bulk  density  data  and  soil  horizons 


observed  in  these  eight  profiles. 


In  the  prairie  test  site,  eight  soil  profiles  consisting  of  three  hori¬ 
zons  each  were  sampled  to  600  mm  for  bulk  density  analyses.  Four  samples  were 
taken  in  tracked  areas  and  four  in  untracked  areas.  In  the  tracked  areas,  12 
samples  were  collected;  the  mean  density  of  the  samples  was  1.52  g/cm  ,  with  a 
standard  deviation  of  0.11.  In  the  untracked  areas,  12  samples  were  collec¬ 
ted;  the  mean  density  was  1.46  g/cm-*,  with  a  standard  deviation  of  0.15.  The 
mean  bulk  density  of  the  A  horizon  in  the  tracked  and  untracked  areas  was  1.59 
g/cm;*  and  1.50  g/cm  ,  respectively;  of  the  B  horizon.  1.47  g/cm*  and  1.51 
g/cm*,  respectively;  and  of  the  C  horizon,  1.50  g/cm*  and  1.38  g/cm*,  respec¬ 
tively.  Table  4  and  Figure  5  present  bulk  density  data  and  soil  horizons 
observed  in  these  eight  profiles. 


Table  1 


Particle  Size  Distribution  in  Surface  Horizons 
of  Pinyon-Juniper  Study  Sites 


Sand 

Silt 

Clay 

Texture* 

Depth 

(cm) 

• 

Pinyon-Juniper 

Control  Site 

75 

17 

8 

SL 

0-5 

55 

26 

19 

SL 

0-5 

• 

51 

32 

17 

L 

0-5 

58 

23 

19 

SL 

0-5 

71 

19 

10 

SL 

0-5 

74 

8 

18 

SL 

0-5 

60 

28 

12 

SL 

0-10 

67 

20 

13 

SL 

0-10 

• 

81 

11 

8 

LS 

0-10 

Mean 

65.8 

20.4 

13.8 

'  _• 

Pinyon-Juniper  Test  Site 

• 

70 

17 

13 

SL 

0-5 

53 

32 

15 

SL 

0-5 

;  ; 

60 

28 

12 

SL 

0-5 

57 

28 

15 

SL 

0-5 

59 

24 

18 

SL 

0-5 

• 

57 

21 

22 

SCL 

0-5 

62 

24 

14 

SL 

0-5 

63 

20 

17 

SL 

0-5 

54 

32 

14 

SL 

0-5 

Mean 

59.4 

25.1 

15.6 

• 

*SL  =  silty  loam,  LS  =  loamy  sand,  SCL  =  silty  clay  loam,  L  =  loam. 
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mmm 


'°o  *0  %  i>  %  *o  *o  %  'o 
SAND 

•  -  PJT  (pmyon- juniper  test  site) 
o  *  PJC  (pinyon-juniper  control  site) 

Each  dot  represents  one  soil  sample 

Figure  2.  Soil,  particle  size  distribution  of  pinyon-juniper  sites. 


*?>  *?>  ^3  "& 


PT *  prairie  test  site 
PC  «  prairie  control  site 

Each  dot  represents  one  soil  sample. 

Dashed  lines  delineate  the  textural  distribution 
of  samples  within  a  site. 

Figure  3.  Soil  particle  size  distribution  of  prairie  sites. 
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• 

Table  2 

Particle  Size  Distribution  in  Surface 

Horizons 

of  Prairie 

Study  Sites 

• 

Sand 

Silt 

Clay 

Texture* 

Depth 

•  '  ’*  .  *  .V, 

(cm) 

• 

Prairie  Control  Site 

72 

18 

10 

SL 

0-10 

65 

25 

10 

SL 

0-10 

56 

31 

13 

SL 

0-10 

65 

25 

10 

SL 

0-13 

AO 

40 

20 

L 

0-10 

49 

34 

17 

L 

0-10 

41 

39 

20 

L 

0-13 

39 

41 

20 

L 

0-13 

• 

Mean 

53.4 

31.6 

15.0 

Prairie 

Test  Site 

• 

79 

11 

10 

SL 

0-15 

75 

14 

11 

SL 

0-15 

■  • 

74 

20 

6 

SL 

0-13 

76 

18 

6 

SL 

0-13 

62 

23 

15 

SL 

0-8 

60 

25 

15 

SL 

0-8 

•  . ! 

74 

13 

13 

SL 

0-8 

73 

14 

13 

SL 

0-8 

Mean 

71.6 

17.3 

11.1 

• 

*SL  = 

silty  loam,  L 

=  loam. 

• 

• 

18 

-  •  . 

.•  .  • 

.  *  .  '  j. 

.■  .li 

La  ‘j.**  "-A 

*-« 

Table  3 


BuLk  Density  and  SoiL  Profiles  of  Pinyon-Juniper 
Control.  Study  Site 


Tracked  Areas 

Untracked  Areas 

Hole 

No. 

Soil 

Horizon 

Bulk 

Density 

(g/cnr) 

Hole 

No. 

Soil 

Horizon 

Bulk 
Dens i t 
(g/cnr 

1 

A 

1.64 

5 

A 

1.24 

Bt 

1.41 

Bt 

1.45 

Bk 

1.27 

Bk 

1.12 

2 

A* 

6 

A 

1.36 

AC** 

1.48 

B 

1.36 

C 

1.32 

C 

1.19 

3 

A 

1.43 

7 

A 

0.77 

B 

1.39 

AC+ 

1.23 

C 

1.17 

C 

1.17 

4 

A 

1.66 

8 

A 

1.49 

C 

1.55 

C 

1.30 

C 

1.72 

C 

1.86 

Number 

of  Samples 

11 

12 

Mean 

1.46 

1.30 

A 

horizon  mean 

1.58 

A  horizon 

mean  1.21 

B 

horizon  mean 

1.39 

B  horizon 

mean  1.29 

C 

horizon  mean 

1.44 

C  horizon 

mean  1.38 

*This 

horizon  is 

only  2.5  cm  thick, 

so  it  was  therefore  not  possible 

to 

sample. 

**Is  similar  to  this  series,  but  moderately  deep  (51  to  102  cm  to  bedrock). 
Was  considered  a  8  horizon  for  purposes  of  averaging. 


1.7 


o 


1.6 

1.5 

1.4 

1.3 


CQ  1.2 


_ i _ i _ i _ 

ABC 
Soil  Horizon 

o=  Samples  taken  from  tracked  soils 
•  =  Samples  taken  from  untracked  soils 

Lines  connect  the  mean  bulk  density,  within  each 
soil  horizon,  of  tracked  and  untracked  soils. 


Figure  4.  Bulk  density  of  pinyon- juniper  soils  (control  site  only). 


Vegetation 

Woody  Vegetation 

• 

The  prairie  control  and  test  sites  had  no  measurable  woody  vegetation. 

Based  on  density  (Table  5),  pinyon  pine  (Pinus  edulis )  dominated  the  pinyon- 
juniper  control  site  with  670  per  hectare.  Mountain-mahogany  (Cercocarpus 
montanus )  was  the  second  most  abundant  species,  with  an  estimated  490/ha. 

Less  abundant  species  were  one-seed  juniper  ( Juniperus  monosperma)  (280/ha), 

Rocky  Mountain  juniper  (J.  scopulorum)  (30/ha),  Gambel  oak  (Quercus  gambel i i )  • 

(40/ha),  and  skunk  bush  TRhus  trilobata)  (10/ha).  There  were  an  estimated 
1530  shrubs  and  trees/ha  on  the  PJC  site.  In  comparison,  on  the  PJT  site, 

Pinus  edulis  was  dominant  (310/ha),  with  Cercocarpus  montanus  and  Juniperus 
monosperma  both  having  70/ha  each.  Less  abundant  species  were  Juniperus 
scopulorum  (50/ha),  Pinus  ponderosa  (10/ha),  and  Quercus  gambel ii  (10/ha). 

There  were  an  estimated  520  shrubs  and  trees/ha  on  the  PJT  site  (Table  6).  • 
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Bulk  Density  and  Soil  Profiles  of  Prairie  Test  Site 


Tracked  Areas 


Uncracked  Areas 


Bulk  Bulk 


Hole 

No. 

Soil 

Horizon 

Density 
(g/ cm3) 

Hole 

No. 

Soil 

Horizon 

Dens  i  Cy 
(g/cnr ) 

9 

A 

1.63 

13 

A 

1.52 

Be 

1.63 

Be 

1.70 

Bk 

1.45 

Bk 

1.44 

10 

A 

1.48 

14 

A 

1.50 

B 

1.57 

B 

1.52 

Ck 

1.44 

Bk 

1.37 

a 

A 

1.58 

15 

A 

1.33 

a 

1.35 

C 

1.32 

Bk 

1.33 

C 

1.16 

12 

A 

1.68 

16 

A 

1.63 

C 

1.60 

Ca 

1.54 

c 

1.45 

C 

1.49 

Number  of  Samples 

12 

12 

Keen 

1.52 

1.46 

A  horizon  mean  1. 

.59 

A  horizon  mean  1.50 

B  horizon  mean  1. 

,47 

B  horizon  mean  1.51 

C  horizon  mean  1. 

.50 

C  horizon  mean  1.38 

-I  —  —  I  ■  -I 

ABC 


Soil  Horizon 

o  *  Samples  taken  from  tracked  soils 
•  '  Samples  taken  from  untracked  soils 

Lines  connect  the  mean  bulk  density,  within  eoch  soil 
horizon,  of  tracked  ond  untracked  softs 


Figure  5.  Bulk  density  of  prairie  soils  (test  site  only) 


Density  of  Woody  Species  in  Pinyon-Juniper  Control  Site 
(Each  column  represents  the  number  of  each  species  intercepted  along  a  2-  x  50-m  random  transect- 
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Tree  and  shrub  species  composition  was  very  similar  on  the  two  pinyon- 
juniper  sites.  Both  stands  were  dominated  by  the  trees  Pinus  edu 1 i s  and  Jun  i  - 
pe  rus  monosperma  and  the  shrub  Cercocarpus  momanus .  The  only  significant 
difference  between  the  tree  and  shrub  vegetation  on  the  two  study  areas  was  in 
the  density  of  each  species.  The  PJC  area  had  2.16  times  as  many  Pinus,  2.58 
times  as  many  Jun i pe  rus ,  4.0  times  as  many  Quercus ,  and  7.0  times  as  many 
Cercocarpus .  Apparently,  there  has  been  a  greater  reduction  in  the  number  of 
shrubs  relative  to  the  number  of  tree  losses. 


Plant  Production 


Plant  production  studies  (TabLe  7)  show  an  estimated  average  standing 
biomass  of  126  g/m2  on  the  PC  site.  Of  this  total,  23  g  are  forbs  and  103  g 
are  grasses.  Total  production  for  individual  quadrats  ranged  from  75  g/m2  to 
195  g/m.  On  the  PT  site,  there  was  an  average  total  production  of  77  g/m2, 
significantly  less  (p  <  .001)*  than  on  the  PC  site.  Of  this  total,  31  g  were 
forbs  and  87  g  were  grasses.  Tracked  vehicle  training  reduces  the  percent 
cover  of  perennial  grasses  and  increases  the  percent  cover  of  "weedy"  annuals. 


Total  plant  production  on  the  PJC  site  (Table  8)  was  an  average  21  g/m  , 
with  8  g/m"  of  this  total  representing  forbs  and  14  g/m2  representing 
grasses.  On  the  PJT  site,  total  herbaceous  production  was  32  g/m.  Of  this 
total,  14  g/m2  were  forbs  and  18  g/m 2  were  grasses.  Thus,  total  herbaceous 
production  was  higher  on  the  PJT  site  than  on  the  PJC  site.  Apparently, 
tracked  vehicle  training  opens  the  canopy  (reduces  the  number  of  trees  and 
shrubs)  and  allows  more  forbs,  and  possibly  grasses,  to  become  established  in 
the  open  areas. 


In  comparing  the  PC  and  PJC  sites,  total  herbaceous  production  is  much 
higher  on  the  shortgrass  prairie  than  on  the  PJC  site  (126  g/m2  versus  21 
g/m2).  This  difference  is  due  largely  to  increased  grass  production  on  the  PC 
site  (103  g/m2  versus  14  g/m2).  Total  forbs  are  very  similar,  with  slightly 
higher  production  on  the  PC  site  (33  g/m2  versus  8  g/m2). 


aftirat  CU’v:  y 

The  quadrat  sampling  determined  the  cover  (Table  9)  and  frequency  (Table 
10)  of  the  various  plants  on  the  sites.  On  the  PC  site,  the  most  common  plant 
was  blue  grama  grass,  Bouteloua  grac i 1 i s  (76  percent  of  total  vegetative 
ground  cover).  The  next  most  common  species  (again  based  on  cover)  were:  (1) 
a  forb,  I va  sp.,  which  contributed  7.2  percent  of  total  cover;  (2)  a  grass 
(sand  dropseed),  Sporobolus  cryptandrus,  4.2  percent  cover;  and  (3)  a  grass 
(ring  muhly),  Muhlenbergia  torreyi ,  3.5  percent  cover.  In  comparison,  on  the 
PT  site,  blue  grama  grass,  the  most  common  species,  made  up  47.8  percent  of 
total  ground  cover,  as  compared  to  76  percent  on  the  PT  site.  The  disturb¬ 
ance-related  forb  ( I va  sp.)  made  up  24.8  percent  of  total  cover,  as  compared 
to  7.2  percent  on  the  PC  site.  Red  three-awn  ( Ar i s t ida  longi seta)  was  the 
third  most  common  species,  representing  6.2  percent  of  the  cover.  On  the 
prairie  control  site,  this  species  comprised  2.9  percent  of  the  cover.  The 


*p  =  probability. 
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Table  7 


f 

► 

l 


Plant  Production  (g/m^)  From  Prairie  Study  Sites 


Prairie  Control  9ue 

Prairie  Test  Site 

lit’ i  b  Ci  dt  t  Tuial 

Herb 

Crass  Total 

0. 

185.0 

185.0 

45.0 

85.0 

130.0 

0. 

90.0 

90.0 

0. 

70.0 

70.0 

55.0 

130.0 

185.0 

100.0 

0. 

100.0 

0. 

90.0 

90.0 

80.0 

65.0 

145.0 

100.0 

95.0 

195.0 

0. 

45.0 

45  .0 

0. 

75.0 

75.0 

0. 

110.0 

1 10.0 

18.0 

120.0 

138.0 

0. 

60.0 

60.0 

0. 

100.0 

100.0 

0. 

20.0 

20.0 

55.0 

50.0 

105.0 

B0 . 0 

10.0 

90.0 

0. 

95.0 

95.0 

0. 

0. 

0. 

22.8  i  15.2 

103.0  ♦  36.2 

125.8  ♦  46. 1 

30.5  t  4.5 

86.5  ♦  37.9 

77.0  1  46.9 

Table  8 


Plant  Production 


o 

(g/m  )  From  Pinyon- Juniper  Study  Sites 


Pinyon-Juni per  Control 

Site 

Pinyon-Juniper  Test  Site 

Herb  Crass 

Total 

Herb  Crass  Total 

45.0 

25.0 

70.0 

0. 

85.0 

85.0 

(40.0)  * 

10.0 

10.0 

20.0 

40.0 

60.0 

0. 

5.0 

5.0 

45.0 

20.0 

65.0 

10.0 

25.0 

35.0 

75.0 

30.0 

105.0 

(10.0)** 

30.0 

30.0 

0. 

0 

0 

20.0 

40.0 

60.0 

0. 

0 

0 

0. 

0. 

0. 

0. 

0 

0 

10.7 

19.3 

30.0 

20.0 

25.0 

45.0 

*Welght  of  Cercocarpus  muntanus  (not  Included  In  analyses). 
**Weight  of  Pi  nus  edul is  (not  included  in  analyses). 


Table  9 


Summary  of  Ground  Cover  and  Substrate  Cover  Types  on  All  Study  Sites 
(Data  presented  [mean  +  standard  deviation]  is  based  on  100  1-m^ 


quadrat 

samples 

in  each 

study 

site. ) 

Substrate  Type 

PJC 

PJT 

PC 

PT 

Organic  litter 
(  need  1 es  and 
grasses ) 

7.4  ♦  9.4 

17.8  ♦  10.8 

- 

- 

Wood  l  1 1 1  er 

3.9  ♦  4.4 

4.6  ♦  4.8 

" 

" 

8are  soil 

80.4  ♦  lb.9 

56.3  ♦  16.4 

63.6 

♦  8.0 

56.2 

♦  15.1 

Rock 

3.9  t  4.6 

10.1  ♦  12.2 

0.2  ♦ 

0.5 

Live  vegetative 
ground  cover 

■»4X 

■  III 

■*44X 
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Table  10  (Cont'd) 


Fprt  Carson 


PJC 

PJT 

PC 

PT 

Species 

ZC 

ZF 

ZC 

ZF 

ZC 

ZF 

ZC 

ZF 

Cadaria  draba 

.05 

.20 

Carex  spp. 

.05 

.16 

.53 

.87 

Cercocarpus 

montanus 

8.70 

2.87 

7.31 

1.91 

Chenopodium 

album 

.08 

.23 

.05 

.20 

Cirsium 

undulatum 

.10 

.20 

Convolvulus 

arvensis 

.10 

.70 

Cryrtantha 
jamas i i 

.04 

.32 

.28 

1.45 

Cymopterus 

montanus 

.34 

.66 

.61 

1.21 

.10 

.70 

.65 

1.60 

Descurianna 

pinnata 

.10 

.30 

Echinocerus 

viridif lorus 

.70 

3.10 

.05 

.40 

Erigeron 

canadensis 

1.98 

.75 

.33 

1.21 

.30 

.80 

.20 

.50 

Eurotica 

lanata 

.10 

.50 

.20 

.20 

Eriogonum 

spp. 

3.99 

3.57 

.87 

2.40 

.20 

.50 

Festuca  sp. 

7.35 

5.12 

5.76 

4.65 
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Fort  Carson 


Table  10  (Cont'd) 


Fort  Carson 


PJC 

PJT 

PC 

PT 

Species 

%C 

ZF 

%C 

ZF 

ZC 

ZF 

ZC  . 

ZF 

• 

Kochia 

scoparia 

P 

6.80 

3.45 

P 

P 

Lappula 
redowski i 

.23 

.73 

.80 

2.71 

.70 

1.80 

.90 

3.20 

• 

Lathyrus  sp. 

P 

P 

P 

P 

Lepidium 

virginicum 

P 

P 

.05 

.30 

.05 

.20 

• 

Lesquerella 

fendleri 

.02 

.16 

.68 

1.86 

Lesquerella 

ovalifolia 

.10 

.50 

P 

• 

Linum 

lewisii 

.45 

1.30 

.10 

.48 

.40 

.60 

Linum 

puberulum 

P 

P 

P 

.10 

.60 

Lithospermum 
inc isum 

.48 

1.05 

.55 

1.57 

.10 

.20 

Lupinus 

kingii 

.40 

1.40 

.15 

.60 

• 

Medicogo 

sativa 

.17 

.32 

Melampodium 

cinercum 

.10 

.16 

P 

P 

P 

.  • 

Mentzelia  spp. 

P 

P 

.10 

.20 

.05 

.20 

Microsteris 

graci 1  is 

P 

P 

P 

P 

• 

Microsaris 

cuspidata 

P 

P 

P 

P 
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Muhlenbergia 


Oenothera 


albicaul i s 


Oount  la 


arborescens 


Oount  la 


oLycantha 


OrvzoDSis 


hymenoides 


Lambertu 


Penstemon 


aneustifoLius 


Phvsalis 


Lobata 


Pinus  edulis 


onderosa 


PLantaao 


urshi  i 


PoLygonum  sp 


Pseudocymopterus 


Table  10  (Cont'd) 


Fort  Carson 


Table  10  (Cont’d) 
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fourth  most  common  species — another  disturbance  indicator — was  Russian  thistle 
(SaLsola  kali),  which  made  up  3.0  percent  of  the  cover. 

On  the  PC  site,  three  of  the  four  most  common  species  were  perennial 
grasses,  which  together  made  up  83.7  percent  of  the  total  vegetative  ground 
cover.  The  other  species  ( I va  sp.)  was  a  forb  indicative  of  disturbance  (7.2 
percent).  In  comparison,  on  the  PT  site,  only  two  of  the  four  most  common 
plants  were  grasses.  They  comprised  54.0  percent  of  the  total  cover.  The 
other  two  species  were  invaders,  or  disturbance-related  forbs,  and  made  up 
27.8  percent  of  the  total  cover. 

On  the  pinyon- juniper  control  site,  the  most  common  herbaceous  plant  was 
blue  grama  grass  (15.5  percent  of  total  vegetative  ground  cover).  The  next 
most  common  species  was  a  forb  (Rati bda  tagetes ) ,  which  comprised  15.3  percent 
of  the  cover.  Mountain-mahogany  (Cercocarpus  montanus ) ,  a  shrub,  was  the  next 
most  common  (8.7  percent),  followed  by  the  forb,  Russian  thistle  ( Sal  sola 
kali),  at  8.6  percent).  In  comparison,  on  the  PJT  site,  blue  grama  grass  was 
the  most  common  (22.0  percent) — slightly  higher  than  on  the  PJC  site).  The 
next  most  common  plant  was  mountain  mahogany  (7.3  percent) — slightly  lower 
than  on  the  PJC  site,  followed  by  snakeweed  (Gutierrezia  sarothrae — a  half¬ 
shrub — (6.8  percent),  and  a  forb,  kochia  (Kochia  scopar ia) (6.8  percent). 


Birds 


Prairie  Sites 

The  two  prairie  sites  had  very  similar  bird  fauna  (Table  11).  Four 
species  (mourning  dove,  horned  lark,  western  meadowlark,  and  lark  sparrow) 
were  common  to  both  sites.  The  lark  bunting  was  limited  to  the  PT  site,  and 
an  unidentified  sparrow  (not  a  lark  sparrow)  was  limited  to  the  PC  site. 

There  was  no  statistically  significant  difference  in  the  number  of  each 
species  between  sites. 

On  each  site,  the  horned  lark  was  the  most  common  species,  and  the 
meadowlark  was  the  second  most  common  species.  Together  these  two  represented 
74  percent  of  the  total  individuals  seen  on  the  PT  site  and  89  percent  noted 
on  the  PC  site.  The  mourning  dove,  lark  bunting,  and  Lark  sparrow  made  up  the 
remainder  of  the  bird  fauna  on  the  two  sites.  Several  other  species  of  birds 
were  seen  near,  but  not  on,  one  or  both  of  the  study  sites.  These  included  a 
burrowing  owl  near  the  PT  site,  scaled  quail  near  the  PC  site,  black-billed 
magpie  flying  adjacent  to  the  PC  site,  rock  wren,  and  Say's  phoebe  along  the 
banks  of  a  deep  wash  near  the  PT  site,  cliff  swallow  flying  over  the  PC  site, 
and  several  ravens  and/or  crows  over  each  site. 

The  total  biomass  of  birds  on  each  site  was  much  the  same,  with  3529  g  on 
the  PT  site  and  3816  g  on  the  PC  site.  Horned  larks  and  meadowlarks  together 
comprised  81  percent  of  the  total  biomass  on  the  PT  site  and  92  percent  on  the 
PC  site  (Table  12).  The  biomass  of  the  other  species  was  closely  comparable. 

Guild  theory  was  also  applied  to  the  Fort  Carson  bird  data.  This  theory 
assumes  that  species  belonging  to  the  same  guild  use  similar  resources  in  much 
the  same  ways.  Table  12  lists  the  four  guilds  found  on  each  site.  Guild  28, 
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Table  11 


Avian  Species 

— Dens i ties 

and  Biomass 

on  Prairie 

Sites 

Species 

Tes 

Control 

List 

No./ 100  ha 

g/100  ha 

No*/100  ha 

g/100  ha 

Cuild 

Mourning  dove 

2 

264 

i 

132 

8 

Horned  lark 

25 

675 

33 

891 

la 

Western  meadowlark 

20 

2200 

24 

2640 

28 

Lark  bunting 

1 

26 

0 

0 

lb 

Lark  sparrow 

13 

364 

5 

140 

lb 

Sparrow  (unknown  kind) 

0 

0 

3529  g 

1 

13 

3816  g 

lb 

Table 

12 

Bird 

Guilds  of 

Prairie 

Sites 

Biomass 

Frequency  (2)* 

Frequency** 

Guild 

Primary  Guild 
Characteristics 

Test 

Control 

Test 

Control 

Di f  f erence 

la 

Seedeating,  bare  ground 

675 

891 

19 

23 

4 

lb 

Seedeating,  open  field 

390 

153 

11 

4 

7* 

8 

Mast/grain,  small, 
brush/ field 

264 

132 

7 

3 

4 

28 

Omnivorous,  open  field 

2200 

2640 

62 

69 

7* 

*Frequency:  The  biomass  of  each  guild  expressed  as  a  percent  of  the  total 
biomass  for  each  site. 

**Frequency  difference:  Within  a  guild,  the  difference  in  frequency  between 
sites . 

Major  differences  within  a  guild  between  sites. 


dominant  guild  on  both  sites.  Cuild  la,  containing  the  seed-eating,  bare- 
ground-loving  horned  Lark,  was  the  second  most  dominant  guild.  The  two 
remaining  guilds,  16  and  8,  made  up  most  of  the  species  present,  but  only  18 
percent  of  the  total  biomass  at  the  PT  site  and  7  percent  at  the  PC  site. 

Piny on- Juniper  Sites 

Seventeen  species  were  found  on  both  sites  combined  (Table  13).  Of 
these,  eight  were  common  to  both  sites,  three  were  limited  to  the  PJT  site, 
and  six  were  limited  to  the  PJC  site.  Several  species  were  found  near,  but 
not  on,  the  study  sites:  a  great  blue  heron  that  flew  over  the  PJT  site;  sev¬ 
eral  meadowlarks  observed  within  200  m  of  both  sites  (pinyon-juniper  wood- 
land/shortgrass  prairie  ecotone  area);  several  ravens  and/or  crows  seen  over 
each  site;  a  common  night-hawk  observed  flying  over  the  PJT  site;  and  several 
mourning  doves  heard  singing  near  both  sites.  The  numbers  of  the  eight 
species  common  to  both  sites  were  about  the  same  between  the  two  sites.  The 
most  common  species  on  both  sites  were  the  chipping  sparrow,  rufous-sided 
towhee,  plain  titmouse,  and  black-headed  grosbeak.  Together,  these  four 
species  made  up  79  percent  of  the  total  number  of  individuals  seen  on  the  PJT 
site  and  60  percent  on  the  PJC  site.  Uncommon  species  common  to  both  sites 
were  the  ash-throated  flycatcher,  gray  flycatcher,  solitary  vireo,  and  lark 
sparrow. 


Table  13 

Avian  Species — Densities  and  Biomass  on  Pinyon-juniper  Sites 


Species  Test  _ _  Control  _ 

List  No./ 100  ha  * / 100  he  No./ 100  ha  g/100  ha  Cuild 


Test  and  Control 


Ash-throated  flycatcher  3 
Gray  flycatcher  3 
Plain  titmouse  15 
SoLitary  vireo  3 
Black-headed  grosbeak  5 
Rufous-sided  towhee  30 
Lark  sparrow  8 
Chipping  sparrow  53 

Test  Only 

Broad-tailed  hummingbird  3 
Western  wood-pewee  5 
Pinyon  jay  3 


Control  Only 
Scrub  jay 

Red-breasted  nuthatch 
Mountain  bluebird 
Warbling  vireo 
Brown-headed  cowbird 
Western  tanager 


87 

8 

232 

13 

42 

a 

112 

13 

315 

10 

210 

5 

45 

5 

75 

14 

240 

15 

720 

2 

1170 

13 

507 

3 

224 

5 

140 

lb 

689 

30 

390 

lb 

15 

6 

60 

13 

255 

30 

5 

425 

30 

3 

54 

15 

5 

180 

12 

3 

39 

14 

3 

132 

30 

1142  g 

1 

33 

3249  g 

2 

The  totaL  biomass  of  birds  on  each  site  was  almost  the  same,  with 
3249  g/100  ha  on  the  PJC  site  and  3142  g/100  ha  on  the  PJT  site.  The  four 
most  common  species  on  each  site  (chipping  sparrow,  rufous-sided  towhee,  plain 
titmouse,  and  black-headed  grosbeak)  together  accounted  for  1477  g  on  the  PJC 
site  and  2414  g  on  the  PJT  site. 

Guild  theory  was  also  applied  to  the  Fort  Carson  bird  data.  Figure  6 
illustrates,  in  a  bivariate  analysis,  that  the  open-field/edge  guilds  lb  and 
3,  containing  the  rufous-sided  towhee,  lark  sparrow,  and  chipping  sparrow,  in¬ 
crease  with  the  opening  of  the  pinyon- juni per  woodland  due  to  training;  it 
also  shows  that  the  woodland  guilds  2  and  13,  containing  the  ash-throated  fly¬ 
catcher,  gray  flycatcher,  black-headed  grosbeak,  western  wood-pewee,  and 
western  tanager,  decrease  with  the  opening  of  the  woodlands.  These  four 
guilds  show  the  greatest  change  (Table  14)  between  the  PJC  and  PJT  sites  and 
can  be  referred  to  as  the  impact  or  indicator  guilds  to  habitat  change.  These 
four  guilds  made  up  80  percent  of  the  total  biomass  on  the  PJT  site  and  66 
percent  on  the  PJC  site.  The  other  guilds  (5,  6,  12,  14,  15,  and  30)  showed 
little  change  between  the  two  sites  and/or  were  relatively  unaffected  by 
training-induced  impact  (opening  of  the  woodlands.) 

Mammals 

Prairie  Sites 

Nine  species  of  small  mammals  were  recorded  on  the  shortgrass  prairie 
sites  (Table  15),  Of  these,  all  were  common  to  both  sites  but  one — the  plains 
harvest  mouse  (Reithrodontomys  montanus ) — which  was  limited  to  the  PC  site  and 
was  represented  by  only  one  individual.  There  are  three  major  differences 
between  the  mammal  fauna  on  the  two  prairie  sites:  (1)  mammals  are  much  more 
abundant  on  the  PT  site  (178  individuals  versus  102,  p  <  .005);  (2)  there  is 
an  inverse  relationship  between  the  numbers  of  kangaroo  rats  (Dipodomys  ordi i ) 
and  pocket  mice  ( Perognathus  flavus)  on  the  two  sites;  and  (3)  there  are  many 
more  white-footed  mice  (Peromyscus  leucopus ,  p  <  .005)  on  the  PT  site.  The 
first  two  differences  can  be  readily  explained  on  the  basis  of  soil  texture 
and  competitive  interactions  between  kangaroo  rats  and  pocket  mice. 

It  is  well  known  that  rodents  burrow  in  soils  for  shelter;  therefore,  the 
sandier  the  soil,  and  thus  the  easier  to  dig,  the  greater  the  number  of  indi¬ 
viduals  present  if  all  else  is  equal.  The  average  sand  component  was  72  per¬ 
cent  on  the  PT  site  (178  individuals  collected)  and  53  percent  on  the  PC  site 
(102  individuals  collected).  Also,  kangaroo  rats  are  competitors  of  pocket 
mice.*®  Since  kangaroo  rats  are  large-bodied,  it  is  hard  for  them  to  burrow 
in  "tight"  soils.  In  their  absence,  the  smaller  pocket  mouse  becomes  rela¬ 
tively  abundant,  such  as  on  the  PC  site  (27  kangaroo  rats  and  10  pocket  mice 
collected).  On  sandy  soils,  such  as  the  PT  site,  the  kangaroo  rat  excludes 
many  pocket  mice  (49  kangaroo  rats  and  three  pocket  mice  collected). 


10C.  Lemen  and  P.  W.  Freeman,  "Quantification  of  Competition  Among  Coexis¬ 
ting  Heteromyids  in  the  Southwest,"  The  Southwestern  Naturalist,  Vol  28 
(1983),  pp  41-46. 
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Figure  6.  Bivariate  analysis  contrasting  the  proportion  (in  biomass)  of 
woodland  guilds  and  open-field/edge  guilds  on  PJC  and  PJT 
sites. 


Table  14 

Bird  Guilds  of  Pinyon-Juniper  Sites 


Biomass 


Frequency  (,%)*  Frequency** 


Primary  Guild 


Guild 

Characteristics 

Test 

Control 

Test 

Control 

Dif fen 

lb 

Seedeating,  open  field 

913 

530 

29 

16 

13 

2 

Seedeating,  woodland 

240 

753 

8 

23 

15 

3 

Seedeating,  edge 

1170 

507 

37 

16 

21 

5 

Fruit/seed,  woods  edge 

315 

210 

10 

6 

4 

6 

Nectar 

16 

- 

- 

- 

0 

12 

Insectivorous,  sallying,  open 

- 

180 

6 

6 

0 

13 

Insectivorous,  sallying, 
woodland 

189 

344 

1 

11 

10 

14 

Insectivorous,  gleaner, 
large 

45 

114 

1 

4 

3 

15 

Insectivorous,  gleaner, 
small 

54 

— 

2 

2 

30 

Omnivorous,  mixed,  non-ground 

255 

557 

8 

17 

9 

*FrequencyJ  The  biomass  of  each  guild  expressed  as  a  percent  of  the  total 
biomass  for  each  site. 

**Frequency  difference:  Within  a  guild,  the  difference  in  frequency  between 
sites. 

Major  differences  within  a  guild  between  sites. 


•  J 
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The  third  significant  faunal  difference  between  the  two  sites  (signifi¬ 
cant  increase  of  white-footed  mice  on  the  PT  site)  reflects  soi 1 /vegetat i on 
disturbance  created  by  tracked  vehicle  training.  The  white-footed  mouse  is  an 
inhabitant  of  "...brushy  and  weedy  parts  of  grasslands."^  The  increased  num¬ 
ber  of  disturbance  forbs  (weeds)  on  the  PT  site,  such  as  Russian  thistle 
( Sal  sola  kali),  sunflower  (Hel ianthus  annuus ) ,  and  I va  sp.,  is  favored  habitat 
for  the  white-footed  mouse.  This  disturbance,  which  obliterates  grass  and 
establishes  annual  weeds,  is  entirely  correlated  with  increased  tracked 
vehicle  use  (8  percent  on  the  PC  site  and  32  percent  on  the  PT  site). 


Three  pinyon  mice  ( Peromyscus  true i )  were  collected  on  the  PT  site,  and 
one  was  taken  on  the  PC  site.  This  species  is  typically  a  resident  of  pinyon- 
juniper  woodland;  the  four  individuals  collected  in  the  open  prairie  were  ap¬ 
parently  dispersals  (young  adults)  from  nearby  stands  of  pinyon- juniper . 

Four  guilds  of  mammals  were  present  on  the  prairie  site  (Table  16). 

These  guilds  were  no.  2  (carnivorous  grasshopper  mouse  guild),  no.  9  (diurnal 
ground  squirrel  guild),  no.  11  (nocturnal,  seed-eating,  nonnest-building 
pocket  mice,  and  kangaroo  rat  guild),  and  no.  12  (nocturnal,  seed-  and 
foliage-eating,  nest-building,  white-footed  mouse,  and  harvest  mouse  guild). 

On  the  PT  site,  guild  11  made  up  43  percent  (3206  g)  of  the  total  biomass,  and 

on  the  PC  site,  it  made  up  54  percent  (1825  g)  of  the  total.  Guilds  2  and  12 

were  also  very  similar  on  the  two  sites.  Guild  2  accounted  for  9  percent  of 

the  total  biomass  on  each  site,  while  guild  12  accounted  for  28  percent  of  the 

total  on  the  PT  site  and  29  percent  on  the  PC  site.  Guild  9,  which  contains 
the  spotted  ground  squirrel  (Spermophilus  spilsoma) ,  was  much  more  common  on 
the  PT  site  (20  percent  of  total  biomass)  than  on  the  PC  site  (7  percent  of 
the  total).  This  difference  does  not  reflect  training-induced  impacts,  but 
instead  is  evidence  of  this  species'  requirement  to  live  in  sandy  soil  (53 
percent  sand  on  the  PC  site  and  72  percent  sand  on  the  PT  site).  Armstrong 
notes  that  this  species  "...inhabits  areas  of  sandy  soil  on  the  Great  Plains 
in  eastern  Colorado..."^ 


Pinyon- Juniper  Si tss 

Twelve  species  of  small  mammals  were  recorded  on  the  pinyon- juniper  sites 
(Table  15).  Of  these,  seven  were  common  to  both  sites,  two  were  limited  to 
the  PJT  site  (the  brush  mouse — Peromyscus  boyl i i ,  and  the  long-tailed  vole — 
Microtus  longicaudus ) ,  and  three  were  limited  to  the  PJC  site  (the  grasshopper 
mouse — Onychomys  leucogaster ,  the  white-throated  woodrat — Neotoma  albigula , 
and  the  Mexican  woodrat — Neotoma  mexicana) .  The  11  individuals  making  up 
these  latter  five  species  were  incidental  to  the  collection  efforts;  their 
presence  or  absence  on  a  site  does  not  represent  a  response  to  tracked-vehicle 
training  in  the  pinyon-juniper  woodlands.  On  the  PJT  site,  the  two  long¬ 
tailed  voles  were  collected  along  the  grassy  bank  of  a  small  spring  and  the 
one  brush  mouse  was  collected  in  a  rocky  outcrop.  On  the  PJC  site,  the  four 
woodrats,  representing  two  species,  were  taken  under  several  rocky  overhangs, 
and  the  four  grasshopper  mice  were  taken  in  a  small,  natural,  grassy  clearing. 


^D.  J.  Schmidly,  The  Mammals  of  Trans-Pecos  Texas  (Texas  A&M  University 
Press,  College  Station,  1977),  pp  1-225. 

^D.  M.  Armstrong,  Distribution  of  Mammals  in  Colorado,  Monograh  No.  3 
(Museum  of  Natural  History,  University  of  Kansas,  1972),  pp  1-415. 
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Table  15 


Mammal  Capture  Data 


t 


Spec i es 

(scientific  name ) 


Pi  nyon- Jum  per  Captures 
Test  Control 


Prairie  Captures 
Test  Control 


Eutamias  quadnvittatus  (59)* 

18 

<  .005**  4 

Spermophilus  spilosoma  (113) 

- 

- 

Dipodomys  ordii  (65)* 

b 

3 

Perognathus  flavus  (7) 

7 

2 

Re i t hrodontomy s  megalotis  (12) 

21 

19 

Re i t hrodontomy s  montanus  (11) 

- 

- 

Onychomys  leucogaater  (35) 

- 

4 

Peromyscus  leucopus  (29) 

23 

<.005**  7 

Peromyscus  maniculatus  (19) 

20 

30 

Peromyscus  boylii  (24) 

1 

- 

Peromyscus  truei  (26) 

12 

14 

Neotoma  albigula  (219) 

- 

3 

Neotoma  mexicana  (242) 

- 

1 

Microtus  longicaudus  (34) 

2 

- 

Total  ind i vi dual  a/s i te 

no 

87 

<.005** 

- 

- 

< .005** 

13 

< . 005** 

2 

<.005** 

49 

<.025** 

27 

3 

10 

20 

18 

- 

1 

<.005** 

18 

9 

38 

<.005** 

9 

< .001** 

34 

25 

<.005** 

3 

1 

178 

<•005** 

102 

^Average  weight  in  grama  of  each  species. 

**Stat i 9t i cal l y  significant  differences  (0.05  level  and  above). 


Table  16 

Mammal  Guilds  on  All  Four  Sites 


Cuild 


Number 

Specie,  or  Croup 

PJT 

PJC 

PT 

PC 

2 

Onychomys  leucogaster 
(grasshopper  mouse) 

30g(0>* 

140  g( 5 ) 

630  g(9) 

315  g(9) 

7 

Microtus 
(voles ) 

68(2) 

0(0) 

0(0) 

0(0) 

9 

Eutami as-Spermophi lus 
(chipmunks  and  ground  squirrel 

.)  1062(33) 

236(8) 

1469(20) 

226(7) 

10 

Neotoma  alhigula 
(woodrat ) 

0(0) 

899(32) 

0(0) 

0(0) 

11 

Perognathus-Di podomys 
(pocket  mouse-kangaroo  rat) 

439(14) 

209(7) 

3206(43) 

1825(54) 

12 

Peromyscus-Rei throdontomys 

(white-footed  mice  and  harvest 
mi  ce ) 

1635(51) 

1365(48) 

2066(28) 

989(29) 

Total  biomass/site 

3204  g 

2849  g 

73  7  1  g 

3355  g 

♦Frequency:  The  biomass  of  each  guild 

expressed  as 

a  percent 

ot  the  total 

lor  each  site. 
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The  numbers  of  the  seven  remaining  species  common  to  both  sites  were 
about  the  same  between  the  two  sites  except  the  white-footed  mouse  ( Peromyscus 
leucopus ) ,  which  was  most  common  on  the  PJT  site  (p  <  .005),  and  the  Colorado 
chipmunk  (Eutamias  quadr ivittatus )  also  most  common  on  the  PJT  site  (p  <  ,005). 
The  white-footed  mouse  occupies  disturbed  habitats  where  "weedy"  forb  species 
occur.  This  is  the  case  on  the  PJT  site  where  weedy  species  increased  because 
tracked  vehicle  training  increased.  Also,  the  Colorado  chipmunk  was  signifi¬ 
cantly  more  common  on  the  PJT  site.  This  species  not  only  requires  coniferous 
woodlands  to  live  in,  but  prefers  "...open  coniferous  woodlands."  Appar¬ 
ently,  this  species'  increase  on  the  PJT  site  is  due  to  its  preference  for  a 
more  open  woodland  (opened  by  a  loss  of  trees  to  training)  or  perhaps  the  in¬ 
creased  availability  of  debris  (broken  tree  limbs  and  tree  trunks)  for 
shelter. 

Six  guilds  of  mammals  were  present  on  the  pinyon- juniper  sites.  Of 
these,  guilds  2  and  10  (the  carnivorous  grasshopper  mouse  guild  and  the  den- 
dwelling  woodrat  guild)  were  limited  to  the  PJC  site,  and  guild  7  (the  grass¬ 
eating  vole  guild)  was  limited  to  the  PJT  site.  The  presence  or  absence  of 
each  of  these  three  guilds  was  due  to  unique  microhabitats  within  each  site 
and  did  not  result  from  training  impacts.  The  remaining  three  guilds  (9,  11, 
and  12),  all  common  to  both  sites,  comprised  most  of  the  total  biomass.  Guild 
12  (white-footed  mice  and  harvest  mice)  made  up  51  percent  of  the  total  bio¬ 
mass  on  the  PJT  site  and  48  percent  on  the  PJC  site,  and  are  therefore  of 
similar  proportions.  Guild  11,  a  seed-eating  guild  (pocket  mice  and  kangaroo 
rats),  had  more  than  twice  the  biomass  on  the  PJT  site  (14  percent  of  total) 
than  on  the  PJC  site  (7  percent  of  total).  With  the  reduction  of  the  canopy 
cover  on  the  PJT  site,  more  herbaceous,  seed-producing  plants  were  able  to 
become  established,  thereby  supporting  a  larger  population  of  open-area,  seed¬ 
eating  small  mammals  (guild  11).  Guild  9  was  also  more  abundant  on  the  PJT 
site  (33  percent  of  total  biomass  compared  to  8  percent  on  the  PJC)  because  of 
the  increase  in  debris  (broken  limbs  and  split  and  fallen  tree  trunks)  avail¬ 
able  as  shelter  to  chipmunks. 
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D.  M.  Armstrong,  Distribution  of  Mammals  in  Colorado. 


5  DATA  ANALYSIS 


Table  17  provides  a  general  account  of  the  major  floral  and  faunal  dif¬ 
ferences  distinguishing  the  pinyon- juniper  woodland  and  shortgrass  prairie 
habitats. 


Soils 


Aside  from  a  loss  of  vegetation  cover,  physical  changes  to  the  soils  are 
readily  apparent  in  tracked  versus  untracked  areas.  There  is  little  doubt 
that  the  pass  of  a  tracked  vehicle  partially  destroys  the  soil  structure  (ag¬ 
gregation),  which  greatly  increases  the  A  horizon's  susceptibility  to  ero¬ 
sion.  An  increase  in  bulk  density  also  compounds  the  erosion  problem.  In  the 
pinyon- juniper  control  and  prairie  test  sites,  bulk  density  increased  in  the  A 
horizon  of  the  tracked  and  untracked  areas  by  about  31  percent  and  6  percent, 
respectively.  In  the  B  horizon,  bulk  density  of  tracked  areas  in  the  PJC  site 
increased  by  8  percent  but  decreased  by  3  percent  on  the  PT  site.  This  latter 
figure  is  apparently  biased  by  one  variant  reading  (1.70  versus  three  other 
readings  of  1.44,  1.32,  and  1.37).  In  the  C  horizon,  bulk  density  increased 
by  4  percent  in  the  PJC  site  and  by  9  percent  in  the  PT  site.  Combining  all 
three  horizons  into  a  common  sample,  bulk  density  increased  by  14  percent  in 
the  tracked  areas  over  the  untracked  areas  on  the  PJC  site,  and  increased  by  4 
percent  in  the  tracked  areas  on  the  PT  site. 

Field  tests  made  by  Turnbull  and  Foster^  show  that  the  density  of  the 
compacted  soil  will  vary  with  water  content,  nature  of  the  soil  material,  and 
the  compactive  force.  The  compactive  force  is  influenced  specifically  by  the 
number  of  passes,  the  total  weight  of  the  compactive  equipment,  and  the  pres¬ 
sure  per  unit  area.  Air-dried  soil  does  not  compact  readily,  nor  does  it  com¬ 
pact  to  a  high  density.  As  the  water  content  increases,  it  compacts  more 
readily  and  to  a  greater  density.  Generally,  the  water  content  for  maximum 
compaction  increases  as  soil  texture  becomes  finer.  At  the  water  content  of 
maximum  compaction,  water  films  around  soil  particles  are  thick  enough  to  lub¬ 
ricate  the  particles  and  yet  thin  enough  not  to  occupy  space  other  soil  par¬ 
ticles  could  occupy.  Plowing  of  compacted  layers  has  been  shown  to  increase 
the  saturated  hydraulic  conductivity  and  porosity  of  soils.  “  It  has  been 
shown1  that  plowing  is  more  effective  than  chiseling  or  discing  in  ameliorat¬ 
ing  compacted  soil  layers  beneath  the  plowed  surface  horizons. 


^W.  J.  Turnbull  and  C.  R.  Foster,  "Proof  Rolling  of  Subgrades.  In:  Soil 
Compaction  and  Proof  Roiling  of  Subgrades,"  Natural  Resource  Council,  High¬ 
way  Research  Bulletin,  Vol  254  (1960),  pp  12-21. 

^D.  K.  Cassel,  Spatial  and  Temporal  Variability  of  Soil  Physical  Properties 
Following  Tillage  of  Norfolk  Loamy  Sand,"  Soil  Sci.  Society  of  America,  Vol 
47  (1983),  pp  196-201. 

^W.  B.  Voorhees,  C.  G.  Senst,  and  W.  W.  Nelson,  "Compaction  and  Soil  Struc¬ 
ture  Modification  by  Wheel  Traffic  in  the  Northern  Corn  Belt,"  Soil  Sci. 
Soc.  Am.,  Vol  42  (1978),  pp  344-349. 
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Characteristic  Features  of  Biota  of  Pinyon-Juniper 
Woodland  and  Shortgrass  Prairie  (Control  Sites  Only) 


Pinyon-Juniper  Woodland 

Shortgrass  Prairie 

Mammal  a 

Moat  abundant  species 

Peromyscus  maniculatus 

Rei throdont omys  mens  lot  is 
Peromyscus  truei 
(together  71Z  of  ell 
individuals  collected) 

Bomewhat 

(similar) 

Dipodomys  ordii 
Peromyscus  maniculatus 
Rei throdontoroys  megalot  is 
(together  70Z  of  all 
individuals  collected) 

Diversity 

10 

(si  mi lar) 

9 

Captive  index 

(captures/1000  trapnights) 

87 

( si  mi lar) 

102 

Biomass  index 

(based  on  capture/1000  trapnights) 

2849  g 

(similar) 

3355  g 

Paunal  similarity 

50Z 

(different ) 

Birds 

Most  abundant  species 

chipping  sparrow 
rufous-sided  towhee 
plain  titmouse 
black-headed  grosbeak 
(together  60Z  of  all 
individuals  teen) 

(different ) 

horned  lark 
meadowl ark 
(together  89Z  of  all 
individuals  seen) 

Di versity 

14 

(different ) 

5 

Density 

114/100  ha 

(different ) 

64/100  ha 

Biomass 

3249  g/100  ha 

(similar) 

3816  g/100  ha 

Paunal  similarity 

OZ 

(dif  ferent ) 

Vegetation 

Most  abundant  species 
(based  on  ground  and 
canopy  cover) 

Di versity 

Pinus  edulis 
Juniperus  monosperma 
Bouteloua  curtipendula 
Bouteloua  gracilis 
Ratibida  tagetes 

70 

(different ) 

( simi  lar) 

Bouteloua  gracilis 

Huhlenbergia  torreyi 

57 

Plant  production 

30  g/m2 

(different) 

126  g/m2 

Percent  ground  cover 
( vegetation) 

HZ 

(different ) 

36Z 

Floral  similarity 


381 

(moderately  different) 


Tracked  vehicLe  traffic  at  Fort  Carson  has  compacted  the  soiis.  These 
compacted  areas  apparently  persist  with  lower  porosity  (lower  aeration  and 
lower  infiltration  rates),  °  increased  bulk  density  (hindering  of  root  pene¬ 
tration  and  plant  growth),^  and  changes  in  soil  structure  (disaggregation); 
this  increases  runoff  and  creates  gullied,  bare  strips  of  land. 


Vegetation 

Shortgrass  Prairie 

On  the  prairie  at  Fort  Carson,  the  principal  effect  of  tracked  vehicle 
training  on  vegetation  has  been  to  reduce  perennial  grass  cover  and  increase 
"weedy"  forbs.  During  the  spring,  many  areas  on  the  prairie  on  which  tanks 
have  turned  sharply  and  obliterated  the  grass  cover  look  pinkish-white  from 
the  flowers  of  evening  primrose  (Oenothera  albicaulis )  that  have  invaded  the 
tracked  areas.  Other  disturbance-related  forbs  are  the  Iva  sp.  forb,  Russian 
thistle  (Salsola  kali),  and  sunflower  (Helianthus  annuus) .  These  disturbance- 
related  species  are  most  common  on  the  PT  site,  where  tracked  vehicle  impacts 
were  32  percent  (based  on  foot  transects)  compared  to  only  8  percent  on  the  PC 
site.  Plant  production  on  the  prairie  habitat  is  relatively  high,  so  the 
effects  of  disturbance  are  of  short  duration. 

Piny  on- Juniper  Woodland. 

In  the  pinyon- juniper  habitat  on  Fort  Carson,  the  principal  effect  of 
tank  travel  on  the  vegetation  has  been  to  reduce  canopy  (tree)  cover  and  shrub 
cover,  and  to  slightly  increase  herbaceous  vegetation.  The  PJT  site,  where 
tracked  vehicle  training  was  the  most  intense,  contained  about  45  percent  as 
many  pinyon  and  juniper  trees  as  the  PJC  site  (980  versus  440).  Tracked 
vehicle  training  on  the  shrub  layer  was  even  more  apparent;  the  PJT  site  con¬ 
tained  only  15  percent  as  many  shrubs  as  the  PJC  site  (540  versus  80).  The 
training  effects  on  the  woody  vegetation  included  shearing  of  limbs,  root  ex¬ 
posure,  and  fragmentation  of  fallen  trees.  The  net  effect  of  this  reduction 
in  canopy  cover  by  tracked  vehicle  training  is  an  apparent  increase  in  the 
herbaceous  cover.  Much  of  this  is  due  to  the  invasion  of  weedy  species,  such 
as  the  half-shrub  snakeweed  (Cut ierrezia  sarothrae )  and  the  disturbance- 
related  forb,  kochia  (Kochia  scoparia ) ♦  Total  plant  productivity  in  the 
pinyon-juniper  habitat  is  relatively  low,  so  disturbances  have  a  long-lasting 
impact.  Since  training  activities  on  the  PJT  site  began  after  1965,  and  the 
condition  of  the  site  was  assessed  in  1983,  it  is  certain  that  the  current 
level  of  use  cannot  continue  indefinitely  without  damaging  the  vegetation  to 
the  extent  that  the  site  will  be  of  poor  quality  for  training. 


^A.  K.  Sharda,  "Influence  of  Soil  Bulk  Density  on  Horizontal  Water  Infil¬ 
tration,"  Austr.  J.  Soil  Res.,  Vol  15  (1977),  pp  83-86. 

°N.  C.  Brady,  The  Nature  and  Property  of  Soils  (MacMillan  Publishing  Co., 
1974),  pp  1-60. 

19G.  R.  Blake,  W.  W.  Nelson,  and  R.  R.  Allmaras,  "Persistence  of  Subsoil 
Compaction  in  a  Mollisol,"  Soil  Sci.  Soc.  Am.,  Vol  40  (1976),  pp  943-948. 
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Birds 


Tracked  vehicle  training  on  the  Fort  Carson  pinyon- juniper  woodlands  has 
not  changed  bird  diversity-  There  has  also  not  been  any  change  in  total  bird 
biomass  between  the  PJC  and  PJT  sites.  However,  there  has  been  a  marked  in¬ 
crease  in  the  number  and  biomass  of  open-field  and  edge-seeking  species  and  a 
definite  decrease  in  the  number  and  biomass  of  the  woodland  species.  If  Fort 
Carson  accelerates  its  use  of  these  lands,  there  will  be  a  continued  replace¬ 
ment  of  woodland  individuals  with  edge  and  open-field  species.  Analyses  in  a 
similar  habitat  (.cedar-oak  woodland)  at  Fort  Hood  demonstrated  similar  re¬ 
sults.  At  Fort  Hood,  there  was  a  63  percent  impact  (based  on  foot  transects) 
on  the  test  site,  compared  to  35  percent  on  the  Fort  Carson  test  site;  at  Fort 
Carson,  this  resulted  in  a  shift  in  the  relative  number  of  open-field/edge 
individuals  to  woodland  individuals,  as  well  as  the  complete  replacement  of 
some  woodland  species  by  open-field/edge  species. 

Tracked  vehicle  training  on  the  Fort  Carson  shortgrass  prairie  has  not 
resulted  in  any  apparent  significant  change  in  the  bird  fauna.  However,  there 
were  indications  that  the  number  of  meadowlarks  decreased,  which  can  be  inter¬ 
preted  as  a  decrease  in  total  grass  cover.  Similar  studies  in  prairie  habitat 
at  Fort  Lewis  demonstrated  that  some  prairie  species  were  eliminated;  this 
occurred  in  areas  where  there  was  a  62  percent  impact,  as  compared  to  a  32 
percent  impact  at  the  Fort  Carson  PT  site.  If  training  is  increased  on  the 
Fort  Carson  prairies,  there  may  be  significant  changes  in  the  bird  fauna; 
however,  the  current  level  of  training  has  had  little  effect  on  them. 


Mammals 


Comparison  of  the  control  and  test  sites  showed  that  some  small  mammals 
of  the  pinyon- juniper  woodlands  demonstrated  a  moderate  response  to  tactical 
vehicle  activity.  The  white-footed  mouse  and  the  Colorado  chipmunk  increased 
on  the  PJT  site  apparently  due  to  an  increase  in  "weedy"  forbs  (a  result  of 
reduction  in  canopy  cover)  and  an  increase  in  woody  debris  (tree  stumps, 
downed  logs,  and  large  broken  limbs).  On  the  other  hand,  these  impacts  did 
not  signficantly  decrease  the  number  of  other  small  mammals. 

In  the  shortgrass  prairie,  there  was  a  similar  change  in  the  small  mammal 
fauna  with  increased  impact.  With  the  loss  of  some  of  the  grass  cover  and  the 
establishment  of  "weedy"  forbs,  the  white-footed  mouse,  which  prefers  "weedy" 
habitats,  increased  significantly  on  the  PT  site. 
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6  CONCLUSIONS 


This  report  has  described  the  effects  of  Army  training  activities  on  the 
physical  and  biological  properties  of  lands  at  Fort  Carson.  The  following  ef¬ 
fects  were  observed  on  the  pinyon- juniper  woodland: 

1.  Soils:  Disaggregation  and  increased  bulk  density  (average  of  14  per¬ 
cent  increase  through  the  A,  B,  C  horizons  combined),  with  a  resultant  de¬ 
crease  in  water  infiltration  and  increase  in  soil  erosion. 

2.  Vegetation:  55  percent  reduction  in  tree  canopy  cover,  85  percent 
reduction  in  shrub  cover,  and  an  increase  in  herbaceous  cover  with  overall  low 
productivity  (slow  repair)  on  the  site. 

3.  Birds:  A  101  percent  increase  in  biomass  of  the  open-field  and  edge 
guilds  and  a  61  percent  reduction  in  the  biomass  of  the  woodland  guilds. 

4.  Mammals:  An  increase  in  species  favoring  more  "weedy"  and  open  habi¬ 
tats. 


The  following  effects  were  noted  on  the  shortgrass  prairie: 

1.  Soil:  Disaggregation  and  increased  bulk  density  (average  of  4  per¬ 
cent  increase  through  the  A,  B,  C  horizons  combined),  with  a  resultant  de¬ 
crease  in  water  infiltration  and  increase  in  soil  erosion. 

2.  Vegetation:  A  reduction  of  perennial  grass  cover,  with  a  corres¬ 
ponding  increase  in  "weedy"  forbs,  with  overall  high  productivity  (fast 
repair)  on  the  site. 

3.  Birds:  A  17  percent  decrease  in  the  grassy  open-field  guild  (meadow¬ 
lark)  . 


4.  Mammals:  An  increase  in  species  favoring  a  "weedy"  habitat. 
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